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SUMMARY 

INTRODUCTION 

Electrical  connector  shell  corrosion  has  been  a recurring  problen  in  naval 
aircraft.  The  aluailnum  alloy  shells  corrode  under  the  currently  used  coating, 
electroless  nickel.  Eventually,  the  coating  lifts  and  breaks  mder  the 
force  of  corrosion  products  and  corrosion  continues  at  a faster  rate  until  a 
good  part  of  the  aluminum  is  eaten  avay  even  though  the  nickel  coating  Itself 
is  not  corroded.  A more  corrosion  resistant  coating  is  needed  to  prevent 
failures  of  this  type.  This  report  covers  an  attempt  to  find  a better  coating 
for  use  up  to  200°C. 

Standardized  panels  of  6061-T6  aluminum  alloy  were  used  for  this  work  rather 
than  actual  connector  hardware  because  of  the  variety  and  configurational 
complexity  of  the  connector  types  Involved. 

This  investigation  was  authorized  by  AIRTASK.  NO.  WF  34-593-201,  Work  Unit 
No.  ZM  301. 

SUMMARY  OF  RESULTS 

Results  of  cyclic  heating  corrosion  tests  indicate  that  cadmium  over  electro- 
less nickel  protects  6061  aluminum  alloy  through  the  full  test  period  (25 
cycles  of  16  hours  at  200°C  followed  by  32  hours  in  51  salt  spray)  with  almost 
no  pitting.  For  good  protection,  the  miniwim  total  thickness  of  the  coating 
system  was  found  to  be  17.8  m a (.0007").  Either  layer  could  be  as  thin  as 
5.1  pm  (.0002")  provided  the  other  layer  made  up  the  remaining  thickness  to 
make  a total  of  17.8  ji  m (.0007").  It  was  also  found  that  a coating  cycle 
consisting  of  electroless  nickel  plate,  bake  one  hour  at  149°C,  cadmium  plate, 
chromate  treat,  and  bake  one  hour  at  149°C,  was  required  for  best  results, 
since  sove  coatings  that  met  the  thickness  requirements  failed  if  they  were 
not  baked.  Thick  cadatium,  25.4  a>  ■ v.001"),  with  a chromate  coating  also 
shows  good  protection  in  this  test,  while  thinner  cadmium  coatings  fall  in 
less  than  25  cycles.  The  best  strike  coating  for  cadmium  was  found  to  be  the 
copper  strike.  Cadmium  or  bronze  strikes  were  considered  to  be  unsatisfactory. 
The  electroless  nickel  "strike"  (actually  2.5  Mm  (.0001")  thick)  was  a great 
lsqprovement  over  the  others,  but  still  failed  one  panel  in  less  than  25  cycles. 
Electroless  nickel  alone  failed  in  11  cycles  . r less  in  all  thicknesses  tested 
up  to  25.4  (.001")  . 

Nlcke  1 -cadmium  (chroma ted  and  baked)  provided  good  protection  to  the  basis 
metal  during  Sf^-salt  spray  exposure  for  168  hours,  showing  some  blistering 
but  no  pitting.  Cadmium  was  pitted  and  corroded  and  electroless  nickel  failed 
very  badly.  Similar  tests  with  cadmium  and  nickel -cadmium  in  standard  5Z 
salt  spray  showed  similar  results  In  that  scribed  panels  exhibited  more 
corrosion  in  cadmium  plated  panels  thsn  in  nickel -cadmium  plated  panels. 

Results  of  dissimilar  metal  tests  were  not  very  informative  (168  hours  in  5*. 
salt  spray).  Corrosion  b -tween  bare  7075-T6  and  the  various  coated  panels 
was  not  much  different  from  corrosion  between  bare  6061-T6  and  bare  7075-T6 
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el uni  nun  alloy*.  Result  a with  coat  *3  panels  coup  lad  with  tltanlun  6A ) -4V  alloy 
shoved  slightly  wore  pitting  along  the  edges  of  the  joined  panels,  hut  wlnor 
corrosion  otherwise. 


Electroless  nickel  looked  good  in  extended  baking  (100  hours  at  200°C)  followed 
by  500  hours  of  salt  spray  exposure,  a finding  contrary  to  service  experience. 
Cadniun  was  pitted  in  thicknesses  less  than  25.4  a a (.001**),  while  only  one 
of  three  panels  showed  nor*  than  six  pita  for  the  25,4  p a coating.  Mlckel- 
caddsw  again  passed  this  test  with  only  one  distinct  pit  on  ova  panel  and 
very  general  corrosion  and  darkening  otherwise  (no  pits). 

CONCLUSIONS 

1.  Of  the  coatings  tested,  eaixlun  over  electrolesn  nickel  offers  the  best 
protection  to  6061-T6  a 1 usd. nun  alloy. 

2.  taking  is  nect  aary  after  each  layer  of  a nickel -cadniun  coating  la 
applied  to  aiiurr  good  adhesion  and  corrosion  resistance. 

3.  Electroless  nickel  la  an  nasat la factory  coating  for  the  corrosion  pro- 
tection of  006'  -T6  a 1 uni  mm  alloy. 

4.  Cadniun  coating,  25.4  p n thick,  of  fare  the  secoed  best  protection  to  b06l 
although  this  coating  la  easier  to  scratch  than  nicks 1 -cadniun  and  corrodes 
sore  readily  in  the  scratched  area. 

5.  Cyclic  corrosion  testing  is  a satisfactory  BSthwd  for  sitlaoCiag  service 
oehavior  ef  coatings  for  electrical  connectors, 

6.  With  few  exceptions,  if  e coating  does  not  fall  in  10  cycles  or  less  it 
will  not  fall  in  25  cycles. 

7.  1/iMlts  of  S02“*alt  spray  exposure  correlate  well  with  service  experience. 

I.  Results  of  100  hours  of  heating  at  200°C  followed  by  500  hours  in  salt 
spray  do  not  correlate  with  service  experience. 

9.  Thin  cedadun  coatings  (Claaa  3,  Type  XI,  QQ-P-4I6)  protect  alusdaun 
poorly  la  all  the  teats. 

RICORPOWMTIOSS 

Rased  on  the  work  conducted  in  this  investigation,  it  is  r senna a ad ad  that: 

l.  The  coating  systen  for  a lent nun  alloy  connector  shells  of  the  200°C  class 
lx  changed  to  cedriws  over  electroless  nickel  with  e coefclned  thickness 
of  17.8  pm  (.00 01”)  ninlnun  and  a thickness  of  cadadun  ranging  from  5.1 
to  12.7  pm  ( .0002"- .0005")  or  nors. 
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2.  A tea  cycle  corroalon  test  be  tdcmt«4  for  specification  testing  with 
each  cycle  consisting  of  16  hours  st  200°C  fo  l loved  hr  32  hours  In  31 
salt  sprsv. 

3.  Consideration  be  given  to  increasing  the  thickness  requirement  of 
connectors  intended  for  low  temperature  service  (85-L25°C)  iron  Class  3 
of  QQ-P-416,  to  Crass  l,  or  the  finish  requirement  of  Recoamendat Ion  1. 


3 


NADC- 76274-30 


TABLE  OP  CONTENTS 

P««t  Mo. 

SUMMARY 

Introduction  1 

Su—  ry  of  Reaulta 1 

Cone  lua Iona 2 

Recoaaendat  lot  2 

LIST  OF  TABLES 5 

LIST  OF  FIGURES 5 

BACKGROUND 6 

TEST  METHODS 

Cyclic  Tearing  6 

Sert»*<t  Pane  l Feat  a 7 

Dlaalnilar  Metal  Teata  7 

Heating  - Expo tore  Teatlng  ...  7 

RESULTS  AND  DISvX'SSION 8 

APPENDIX  A.  . . A-l 

APPENDIX  B B-l 


4 


S4ADC-  76274-30 


TABLE  1 
TABLE  II 
TABLE  III 
TABLE  IV 
TABIE  V 

Figure  I. 
Figure  2. 

01  .*« Ti 

r c j> * 

Figure  A. 

Figure  5. 

Figure  6. 
Figure  7. 

Figure  8. 
Figure  9. 


LIST  OF  TABLES 


Page  {go. 

Cyclic  Corrosion  Tea*  • 9 

Scribed  Panel  Test  Revolts  - SQj  Salt  Spray 16 

Scribed  Panel  Teat  Roeultw  - rj\  Salt  Sprav  .......  19 

Dieeinilar  Metal  Test  Result* 20 

Long  Cycle  Teat  Results,  23 


LIST  OF  FIGURES 


Cyclic  Heatiag/Corrosion  Results  - Cadaiua  Coating?  Over 
a Br>mxe  Strike 10 


Cyclic  Heating/Corroalon  Results  - Cadad.ua  Coatings  Over 
s Copper  Strike 11 


VJVllt 

Coatings 


.>  * /r  , 

» w. 


-•  - Mfrk.l 


12 


Cyclic  Heati sg/Corroelon  Results  - Electroless  Nickel 
Coatings  . . • 

Cyclic  Hast lng/Corros ion  Results  - Electroless  Nickel, 
Bake,  Cadaiua,  Chroaate,  bake  


Results  of  68  hr  sO^-Salt  Spray  Exposure.  .... 

Electroless  Nickel  .001"  Over  6061  Alualnua  Alloy  - 
168  hrs  Exposure  to  S02_Salt  Spray  ........ 


13 

14 
17 

IF 


Electroless  Ni -Cadaiua  Coatings  and  Bare  6061-T6  Alualnua 
Alloy  Coupled  to  7075-T6  Alualnua  Alloy  - 168  hrs  in  5T 
Salt  Spray 


Electroless  Ml -Cadaiua  Coatings  Coupled  to  6A1  4V  Tltau.iua 
Alloy  - 168  hrs  in  5X  Salt  Spray 22 


r 


KA IX.- /to,'/*  - 30 


BACKGROUND 

A considerable  >uwb«r  of  corrosion  problems  with  • lectr.csi  connector  rhells 
he  been  reported  b-*  field  activities.  A preliminary  investigation  of 
these  failures  Indicated  that  the  grestc *c  nutafec.*  ware  encountered  with 
fclunirrusi  shells  dweigoad  for  use  at  temperatures  up  to  2(KT?C  , Moot  oi  the 
conntctftr*  in  this  elais  (roughly  90X)  are  6061  aluminum  alloy;  most  are 
coated  with  electroltoe  nickel.  About  10X  are  aluminum  casting  alloys  such 
as  alloy  380  of  QQ-A-59M.  Coating  thicknesses  vary  froa  about  12.7  pt  a 
(.0005")  to  slightly  aora  than  25.4  px  a (.001").  Failures  haw  been  in  the 
fora  of  sever « undercutting  and  lifting  of  the  electroless  aicktl  coating 
uhile  the  basis  metal,  which  la  anodic  to  the  coating,  corrodes  away  under- 
neath, The  6061  a luaioua  alloy  la  raslatant  ;o  corrosion  without  a coating 
end  would  probably  ba  protected  well  by  a slapla  MIL-C-5541 , Clara  3, 
chemical  conversion  coating,  but  tha  a luaioua  la  subject  to  seising  and 
galling  and  will  not  function  on  threaded  connectors.  Tha  miaber  of 
coatings  that  will  pvfora  well  at  200°C  is  small,  since  the  coatings  mist 
be  electrically  condu  tive.  If  it  were  not  for  this  requirement,  hard 
anodizing  (MlL-C-86^5,  Type  III)  or  even  dichromste-eealed , sulfuric  acid 
•tv  izing  (MIL-C-6625,  Type  II)  would  serve.  The  newer  mats 111c -ceramic 
c eatings  with  low  temperature  cures  night  also  be  protective,  but  they  are 
aau'coadwrtlve  unless  higher  caring  temperatures  (800°F  ox  higher)  are  naed. 
The  most  promising  coatings  appeared  to  be  thicker  cadmlua  coatings 
(17.8-25,4  jx  m ( ,0007* - .001 : ) ) , or  variations  of  a duplex  electroless  nickel- 
cadmium  coating.  It  mi  also  considered  that  strike  coatings,  other  chan 
tha  conventional  copper  strike  employed  for  plating  alusdnum,  might  provide 
improved  corrosion  resistance  under  cadmium  overcoats. 

TEST  HE  HODS 

CYCLIC  TESTING 

Electrical  connectors  of  the  type  involved  in  corrosion  problems  hast  up  for 
short  periods  during  operation  and  remain  at  ambient  temperatures  in  the 
corrosive  environment  vhile  the  equipment  la  not  operating.  It  was,  therefore, 
considered  that  c cyclic  heating-salt  spray  taat  would  moat  closely  simulate 
actual  service.  The  cycle  chosen  for  laboratory  tests  was  16  hot  a at  200°C 
followed  by  32  hours  to  5X  salt  spray  (ASTM  8117-73).  Initial  screening  was 
conducted  using  this  cycle  end  48.8  x 97.5  x 3.2  mo  (2“  x 4*  x 1/8")  panels 
of  6061-Tb  aluminum  alloy.  Tests  were  discontinued  whan  alt  pits  or 
conspicuous  blistering  appeared  on  the  panels.  In  com  r.asAs,  the  appearance 
of  very  small  blisters  was  recorded,  but  tasting  was  contli,  .<  until  six 
pits  formed.  Testing  was  stopped  after  twenty-five  cycles  (a  total  of  200 
hour*  at  200°C  and  800  hours  In  salt  spray),  an  arbitrary  crltarion  for 
excel leaf  protection.  Three  principal  groups  of  coated  panels  wars  tested: 

(1)  Cadmium  coatings  over  bronze,  copper,  electroless  nickel  and  cadmium 
strikes,  respectively.  These  coat' jgs  were  5.1,  7.5,  and  12.7  p m 
(.0002.,  .0003  and  ,0005")  thick  co  responding  to  the  three  classes  lu 
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Specification  QQ-P-41SC..  Additionally,  two  thicker  ctdalua  coatings,  1/.8 
and  25,4  yi  **  { <>007  and  001**)  over  a copper  strike  were  tasted  in  this 
group  AH  maxima  costings  ware  chromate  coated. 

(2)  Electroless  nickel  only.  This  group  Included  single  end  duplex  costings 

of  proprietary  costings  designated  Electroless  Nickel  I.  II  sad  III,  respectively, 
"he  proprietary  costings  were  applied  bv  the  placing  bath  manufacturer . All 
other  electroless  nickel  was  applied  In-htuse  over  a tlnrate  iaateralon  coating. 
Coating  thicknesses  were  12.7  eswi  25.4  ,ju  a (.0005  and  .001”). 

(3)  Elect  roles*  nickel  plus  csduduse  and  u chromate  conversion  coating.  Host  of 
these  coat  ogs  were  baked  at  149°C  (300°F)  for  one  hour  after  the  electroless 
nickel  layer  wait  applied,  and  baked  again  after  csdelue  plating  and  chromate 
treating.  Overall  coating  thickness  ranged  fro*  7.6  to  25.4  p m (.0003  to 
.001"). 

Additionally,  bare  6061  aluminum  alloy,  MIL-C -5541B  chemical  conversion  coating, 
end  HIL-A-8625C,  Type  II,  sulfuric  sell  anodize  with  a dlchromece  seal,  were 
cyclic  corrosion  tssied. 

Three  panels  of  «*ch  variabi*  wars  tested  with  the  exception  of  some  of  the 
proprietary  electroless  nickel  coatings  for  which  only  one  penal  was  available. 

Placing  conditions*  ace  given  in  Appendix  A. 

SCRIBED  PANEL  TESTS 

Sosm  of  the  cost  promising  coatings  w-are  evaluated  in  thasa  taats  as  well  as 
some  lass  protective  coatings  used  for  comparison.  Coated  48.8  x 97. ( e« 

(2M  x 4”)  penelr  were  scribed  with  an  "X’  to  the  hauls  metal  and  ax'-oisd  for 
168  hoers,  one  set  In  standard  5%  salt  spray  and  one  in  SOj-aalt  spray.  SGj 
ia  in}  acted  into  the  salt  spray  box  four  times  a day  creating  a much  more 
corrosive  atmosphere.  Appendix  B givus  details.  This  test  has  been  found 
produce  corrosion  in  Aluminum  alloys  that  Is  very  similar  no  the  type  en- 
countered In  nival  ilreraft  ssrvice. 

DISSIMILAR  METAL  TESTS 

In  an  attempt  to  determine  galvanic  corrosion  effects  between  Che  varloue 
coatings  and  7075-T6  aluminum  alloy,  nr  6 A1-4V  titanium  alloy,  25.4  x 97.6  on 
(lM  x 4")  cleats  of  bare  7075  and  bare  6-4  were  bolted  to  •'he  coated 
50.8  x 97.6mm  (2H  x 4")  panels  and  exposed  to  51  salt  spray  for  168  hours. 

The  aluminum  sad  titanium  alloy*  chosen  for  the  cleats  sra  tha  ones  most 
often  need  in  airfraiMS. 

HEATING  - EXPOSURE  TESTING 

A few  of  the  costing  were  tasted  using  one  extended  cycle  consist lag  of  100 
hours  at  20Q°C,  followed  by  500  hours  It  5X  salt  at  ay.  It  was  hoped  that 
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rhls  eye  l*  wowla  produce  the  km  ttsuiti  obtained  with  Many  abort/  r eye  as 
which  ar « last  coovcnUnt  to  run. 

* E S U L T S AND  DISCUSSION 

Results  of  cyclic  corrosion  tests,  given  in  Table  I,  Figures  I through  4, 
indicate  tha  types  of  fsilutti  encounter  ad . Tl.e  experiments  with  various 
strikes  for  cadndua  indicate  chat  only  one  of  tha  strikes,  sisctrolsas  nickel, 
provides  a better  protective  systesi  then  the  conventional  copper  strike.  It 
should  be  noted,  however,  first  this  "strike"  was  actually  2.5  /i  w (.0001") 
thick,  which  lu  thicker  than  normal  for  strike  coatings.  Adhesion  obtained 
with  tha  cadmiuM  strike,  given  in  ASTM  B253,  was  very  poor.  Coatings  blistered 
sad  paslsd  after  one  cycle.  Based  on  galvanic  compatibility , thia  strike 
should  have  been  the  beat.  The  b rouse  strike  resulted  in  axcellert  adhesion, 
but  poor  cyclic  corrosion  behavior.  Csdmlan  coat  lugs  up  to  12. 7 /in  (.0005") 
thick  pitted  in  less  than  six  cycles  with  the  exception  of  the  coatings 
applied  over  an  electroless  nickel  strike.  It  '/as  thought  that  thicker 
cadmium  coa.lngs  (copper  utrlke) , 17.8  /in  (.0007")  and  25.4  /in  (.001"), 
night  withstand  Che  test  'letter.  The  25.4  /in  (.001")  coating  did  withstand 
the  full  twenty  five  cycles,  bur.  the  17.8  /in  (.0007")  coating  did  not.  It 
fellnd  in  5,  8,  end  13  cy< lee,  respectively,  on  the  three  test  panels. 

Twenty-three  electroless  nickel  coeted  panels  failed  In  fron  one  to  eleven 
cycles.  Hany  of  these  failures  appeared  to  be  by  e conblnetlon  of  severe 
blistering  end  pitting.  Coating  thicknesses  ranged  fron  12.7  /in  (.0005") 
to  25.4  /in  (.001")  . 

The  best  results  la  cyclic  corrosion  teats  ware  obtained  with  17.8  yu  a (.0007") 
of  electroless  nickel,  followed  by  baking  for  one  hour  at  149°C.  cadmtu* 
plating  to  a thickness  of  7.6  /in  (.0003"),  chemical  conversion  coating 
(chronats) , and  baking  again  for  one  hour  at  149°C  (shown  in  Figure  5) . When 
it  was  found,  (1)  that  baking  was  nesdad  to  prevent  blister  forest  ion  (improve 
adhesion),  and  (2)  chat  this  coating  showed  no  sign  of  pitting  after  twenty- 
five  cycles  of  testing,  s series  of  experiments  was  begun  to  find  tha  limiting 
thicknesses  of  the  respsctlvs  layers.  Results  of  this  series  of  testa  indicate 
that  the  nickel  Uyer  can  go  we  low  as  5.1  />  n (.0002"),  if  the  cadmium  layer 
is  .2.7  /in  (.0005")  or  aore,  while  the  radmlua  layer  can  be  5.1  /in  (.0002") 
if  the  nickel  layer  le  at  least  12.7  /in  (.0005"), 

The  chronate  coating  for  the  nickel  cadtsiun  series  was  applied  before  baking 
rather  than  aftar.  Soma  of  tha  piscine,  literature  states  that  baking  is 
detriment a 1 to  the  corrosion  resistance  of  chromate  coatings.  This  difference 
is  of  little  practical  importance,  however,  when  the  connectors  ere  intended 
( >r  use  at  200°C , .*nd  baking  does  result  in  the  darker  coatings  required  for 
some  epp lice: ions.  If  the  connectors  ere  to  be  used  at  lower  temperatures , 

baking  should  be  cowaol^ted  before  chrometlng. 
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Figure  2.  CYCLIC  HEATING/CORKOSlOH  RESULTS 

Cadalun  Coating*  Over  a copper  Strike 

* This  panel  was  returned  to  11 

test  and  failed  in  15  cycles 


HADC- 76274-30 


-.0005  " Ni 


.0009 ''  Ni  I over  OOOr1  Ni  II 


Figure  3.  CYCLIC  HEATING/ CORROSION  RESULTS 
Electroless  Nickel  Costings 
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.0005'’  Ni  lit  ovtr  .000r‘  Ni  II 


t i*ur«  4.  CYCLIC  H1ATING/C0U08I0H  RESULTS 
Elactrolaia  Uckuil  Coatingo 
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As  indicate'  earlier  In  this  report,  6061  clualmns  • l i.oy  m.cua  ceJ,  MIL-C-5S41B, 
Class  3 coaled,  or  sulfuric  nc Id  anodised  with  a dichromate  seal  *11  withstood 
twenty- five  cycles  of  testing.  The  anodised  panelr  snowed  only  one  pit  in 
one  pane  , while  the  bare  and  conversion  coated  panels  show  general,  but  very 
shallow  ittlng  not  considered  cause  for  rejection. 

Results  of  scribed  anel  tests  In  SO-^-aalt  spray  were  striking.  These  are 
given  In  Table  tl  and  Figure  6,  for  the  nickel -cadmium  coating,  thick 
cadmium,  25.4  /i  a (.001")  and  thick  electroless  nickel,  25.4  ^im.  The 
electroless  nickel  appears  to  be  Intact  In  this  photograph  and  It  la.  A 
better  view  of  what  has  occurred  is  given  in  Figure  7.  The  nickel  layer 
lifted  off  the  underlying  aluminum  alloy  and  very  severe  attack  of  the 
a lumlnum  took  place.  This  la  the  condition  reported  for  connectors  in 
service.  Some  blistering  occurred  In  the  nickel-cadmium,  but  it  was  sell’ 
protecting  the  aluminum  at  the  end  of  the  168  hour  exposure  period.  The 
cadmium  showed  considerable  corrosion,  especially  In  the  scribe  marks. 

Scribed  panel  teats  in  the  standard  51  salt  *p~ay  agreed  generally  with  the 
S(>2-salt  spray  taata,  but  results  were  not  as  etslly  interpreted.  Scribes  in 
the  nickel  cadmium  showed  only  a few  pita  aa  opposed  to  many  pita  in  the 
cadmium  coating.  Results  are  given  in  Table  III. 

Dlaaladlar  metal  taat  results  f lied  t~  show  any  outstanding  differences  in  the 
behavior  of  electroless  nickel-cadmium  coatings  and  coatings  of  cadalun 
alone  over  a copper  strike.  In  both  cases,  there  was  pitting  along  the 
edge  of  the  cleat.  Pitting  was  slightly  more  pronounced  in  the  case  of  the 
titanium  cleats,  but  still  appeared  to  be  only  la  the  costing.  Corrosion 
between  the  bare  7075  and  bare  6061  aluminum  alloys  appears  to  ba  almost 
as  bad  as  corrosion  between  the  coated  panels  and  the  7075  cleats.  In  all 
cases,  the  corrosion  probably  takes  place  oy  e combination  of  crevice  and 
galvanic  corrosion.  Figures  8 and  9 illustrate  some  of  the  results  and 
Tabla  IV  gives  details.. 

The  attempt  to  shorten  cyclic  testing  times  by  substituting  one  extended 
cycle  (100  hours  at  200°C  followed  by  500  hours  in  5%  salt  spray)  for  the 
repeated  short  cycles  was  unsuccessful  lu  that  the  results  shoved  electroless 
nickel  to  be  satisfactory  vben  service  experience  indicates  that  it  is  not. 

Ones  again,  nickel -cadmium  passed  the  tests  with  no  pitting,  only  a considerable 
darkening  of  the  film.  Thick  cadsdum  (25,4pjm)  showed  soma  pitting,  but  was 
otherwise  generally  good.  Thinner  cadmium  coatings  failad.  Results  are 
given  in  Table  V in  greater  detail. 

Careful  review  of  all  the  tests  conducted  indicates  that  tha  most  rapid  test 
method  that  gives  maani&pful  results  is  tha  SO^-salt  spray  teat.  However, 

SO 2 - sa 1 1 spray  equipment  is  not  gerarally  available.  It  is,  therefore, 
considered  that  the  cyclic  corrosion  test  is  a better  specification  type  test. 
This  test  could  be  shortened  to  ten  cycles,  if  it  were  required  that  three 
specimens  pass  the  test.  The  inadequacy  of  salt  spray  testing  sione  is  at 
least  suggestad  by  the  long  cycle  t«*st  (100  bake  folloired  by  500  hour  salt 
spray),  in  which  electroless  nlcki-l  appears  to  be  satisfactory. 
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TAIL 

E 1 I 

SCRIRED  PANEL  TEST  RESULTS 

(S02  Salt  Spray 

- 168  hr  Exposure) 

Coating 

Results 

Cwtelua  5.0  pm  (.0002") 
Copper  Strike 

Poor  ~ ell  three  panels  corroded 
and  pitted 

Cadaltn  17  p m (.0007*') 
Copper  .trike 

Considerable  corrosion  - especially 
in  scribes  (three  panels) 

Cadmium  25.4  >b  m (.001**) 
Copper  Strike 

Considerable  corrosion  - especially 
In  scribes  (three  panels) 

Electroleae  Nickel  17.8  pm  (.0007 

* < e / / AiWV4ll\ 

uioau im  / .V  j*  m v*wvj  ; 

(Raked  after  each  layer) 

Excellent  by  comparison  with  others  - 
Hg  pits i scss  blistiriss,  inch 
yellowing  of  coating.  Some  light 
white  corrosion.  Scribes  good  In 
all  three 

Electroleae  Nickel  25.4  pm  (.001") 
(Raked  1 hr  at  149°C) 

Very  poor  - nickel  lifted  sway 
from  aluminum  in  one  sheet. 

Aluminum  badly  corroded.  All 

three  panels  the  saaM. 

' 
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Figure  7.  Eleccroleea  Nickel  .001"  over  6061  Alumlxua  Alloy  - 168  hours 
Exposure  to  SOj-Salt  Spray 
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TABLE  111 

SCRIBED  PANEL  TEST  RESULTS 
(51  Salt  Spray  - 168  hr  Exposure) 


Coating 

* Cdmiub  25.4  fin  (.001") 

Copper  Strike 

* MIL-C-5541  Chemical  Fll* 

* Sulfuric  Acid  Anodize 


++  El  Ni  5.0  ft  n (.0002") 

Cadmiun  5.0  fin  (.0002") 

**  El  Ni  5.0  fi  n (.002") 

Cadmium  7.6  fi  n (.000?i") 


**  El  Ni  5.0  ju  n (.0002") 


r ... 


..  _ / A. 

fa  m v # J • 


**  El  Ni  12. 7 fi  n (.0005") 

Cadaiua  7.6  /an  (.0003") 


**  El  Ni  12.7  fin  (.0005") 

Cadmium  12.7  fin  (.0005") 

+*  El  Ni  17.8  fin  (.0007") 

Caded.ua  7.6  fi  n (.0003") 

**  El  Ni  17.8  fin  (.0007") 

Cadmium  12.7  fin  (.0005") 


Results 

White  corrosion  fill*  to  V of 
the  acribea.  Pits  are  forming. 

Good  - no  pits,  slight  corrosion 

Good  - no  pits,  very  slight 
corrosion 

Some  white  corrosion,  3 pita 

Good  - slight  white  corrosion  in 
scribe 

Good  - very  little  white  corrosion 
in  scribe 

Good  - little  white  corrosion 
Good  - slight  white  corrosion 
Good  - ve  f slight  white  corrosion 
Good  - very  slight  whitw  corrosion 


Three  pan*  Is  of  each 

One  pant  l of  each  - all  bated  sftar  nlckal  coating  and  baked  again  after 
cadmium  coating  and  chroimatlng. 
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TABLE  IV 
DISSIMILAR  igTAL  TEST  RESULTS 

7075-T6  ALUMINUM  CLEATS  ATTACHED  TO  COATED  PANELS  (168  hr*  tn  Salt  Spray) 

Coat  ing Panel Claat 

None  - Control  Panel*  Good  - sows  very  alight  Some  general  corrosion 

pitting  of  fay*  \ *ur-  faying  surface* 

face* 


Cadaiua  25.4  ju  a (.001”)  Good  - alight  white 

corrosion  lines  at 
cleat  edges.  Very 
light  corroalon  of 
faying  surfaces 


El  Nt  5 pm  (.002") 

Cadaiua  7.6  /in  (.0003") 
El  Ni  5 pm  (.0002") 

Cadsd.ua  12.7  pm  (.0005") 
El  N1  12.7  pm  (.0005") 
Cadaiua  7.6  p a (.0003") 
El  Ni  12.7  /a  a (.0005") 

Cadaiua  12.7  pm  (.0005") 
El  NI  17.8  (.0007") 

Cadaiua  5 pm  (.0002") 

El  NI  17.8  pm  (.0007") 
Cadaiua  7.6  (.0003") 

El  Nl  17.8  pm  (.0007") 

Cadaiua  12.7  pm  (.0005") 


All  generally  the 
saaa  - Good  - white 
corrosion  along  edge 
lines  and  alight 
corrosion  in  faying 
surfaces  (very  shallow 
pit  log) 


Much  genet  «1  corrosion 
of  fa  ing  surface 


Soae  light  corroalon  - 
very  light  pitf  Ing  of 
faying  surface)  In  all 
c leats 


6 A1  4V  TITANIUM  CLEATS  ATTACHED  TO  COATED  PANELS  (168  hr*  In  Salt  Spray) 
(None  of  the  Cleats  were  corroded) 


Cadaiua  25.4  pm  (.0  1") 


El  Ni  5 pm  (.0002") 

Cadaiua  7.6  pm  (.0003") 
EL  Nl  ) pa  (.0002") 

Cadaiua  12.7  pm  (.0005") 
El  Nl  12.7  pm  (.0005") 
Cadaiua  7.6  pa  (.0003") 
El  Nl  12.7  pm  (.0005") 

Cadaiua  12.7  pm  (.0005") 
El  Nl  17.8  pm  (.0007") 
Cadaiua  7.6  pm  (.0003") 
El  Ni  17.8  pm  ( .0007") 

Cadaiua  12.7  pm  (.0005") 

El  Ni  17.8  pm  (.0007") 
Cadaiua  5 pa  (.0002") 


Good  - soae  very  saall 
pits  along  cleat  edge 

All  panelr  similar  - 
slight  white  corrosion 
along  cleat  edge  lines 
with  very  slight  attack 
of  faying  surf scan. 

The  last  panel  in  tl.-s 
series  was  slightly 
bettar  than  tha  rest. 


Distinct  pitting  along 
on*  claat  edge. 

Remainder  same  as  others. 
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OOC  2 El  N.  - — -•  0005"  El  N i 


0003"  Cd  0005"  Cd  0003"  Cd  .0005"  Cd 

.0007"  Ei  Ni 


0002"  Cd  0003"  Cd  .0005"  Cd 

Bare  6061  — — — 


P‘*ure  8.  Elactrolaaa  Ni-Cad»lu«  Costing*  and  Ear*  6061-T6  Alualnua  Alloy 
Coupled  to  7Q75-T6  Alu*inu»  Alloy  - 168  hra  51  Salt  Spray 
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TABLE  V 

LONG  CYCLE  TEST  RESULTS 

(100  hrs  at  200°C  plus  500  hrs  ia  51  Salt  Spray) 


Coat  ng 

5,1  pm  (.0002")  Cadaiun  * 
over  Copper  Strike 

17.8  pm  (.0007")  Cadvlum  * 
over  Copper  Strike 

25.4  pm  (.001")  Cadsri.ua  * 
over  Copper  Strike 


17.8  ;u  ■ (.0007")  Elect  oless 
Nickel,  Bake,  7.6  pm 
(.0003")  Cadsriua,  Chrooate, 
Bake 

f\r  t / aai  Itv  vt«  - . « 

M * \.w i ; Lietiruicn 

Nickel 


Result* 


General  heavy  white  corrosion  over  all 
three  panels  - very  bid 

Considerable  pitting  in  all  panels 


One  panel  sore  isn  six  pits;  one, 
three;  one,  edg.  pits.  All  show 
general  light  white  corrosion 

Good  - one  pit  on  one  panel  - general 
darkening  of  panel  centers 


Overall  appearance  good  in  all  three 


♦All  chroma ted 
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Sor*  discussion  of  cha  definition  of  failure  appears  to  be  warranted.  Failure, 
aa  defined  by  electronics  engineer a,  appeara  to  be  non-functioning  of  the 
equipment.  Fro*  an  aircraft  corroaion  control  atandpoint,  general  pitting  or 
blistering  of  a coating  l*  considered  failure.  In  a aenae  both  deflnltiona 
are  probably  correct.  Aa  long  aa  the  part  performs  its  function,  it  haa  not 
failed.  On  the  other  hand,  many  manhours  are  apent  trying  to  prevent  further 
deterioration  of  corroded  parta  that  still  function  end  these  manhours  are 
not  considered  wasted  because  corroded  connectors  will  ultimately  fall 
mechanically  or  electrically,  if  corroaion  la  not  stopped.  The  most  reasonable 
solution  la  to  apply  finishes  that  will  last  the  life  of  the  aircraft.  The 
corroaion  teat  requirements  of  connector  apecif lcatlons,  such  aa  WL-C-5015, 
are  not  stringent  encugh  to  assure  good  corrosion  resistant  finishes.  It  is 
for  that  reason  that  It  is  recommended  that  a more  severe  test,  such  as  some 
form  of  cyclic  corrosion  tast,  replace  the  very  loose  requirement*1  now  in 
effect;  (l.e.,  no  exposure  of  basis  metal  due  to  corrosion  that  will  affect 
performance  after  48  hours  of  salt  spray  exposure).  The  requirement  should 
also  Include  a better  criterion  for  evaluating  finishes,  such  as  the  appearance 
of  six  pits  or  blistering  of  the  coating. 

While  the  work  performed  in  this  investigation  was  directed  toward  finding 
better  coatings  for  service  up  to  200°C,  it  should  be  noted  that  QQ-P-416 , 

Class  3,  Type  II  cadmium  plating  (5.1  p a)  performed  poorly  In  all  the  tests. 
This  poor  behavior  is  probably  caused  by  the  galvanic  effect  between  the 
conventional  copper  strike  and  the  thin,  porous  cadmium  layer,  as  well  as 
between  the  copper  and  the  basis  metal.  It  Is  felt  that  consideration  should 
be  given  to  increasing  the  thickness  requirement  for  low  temperature  classes 
of  connectors  from  Class  3 to  Class  1 (12.5  jam  (.0005")  for  better  corrosion 
protection. 

Some  actual  connector  parts  of  both  6061  wrought  aluminum  alloy  and  380 
casting  allov  have  been  coated  with  various  systems  and  are  being  tested  in 
both  SO 2 -sal  spray  and  cyclic  heating-corrosion  (5Z  NaCl).  Early  results 
indicate  that  the  complex  configuration  of  the  shells  (threads,  projections, 
ridges,  etc.)  make  early  failure  more  likely  than  it  is  in  panel  testing. 
Additionally,  same  surfaces  of  the  coonectors  are  in  a horizontal  position 
during  salt  spray  exposure,  no  natter  how  the  parts  are  suspended , and  these 
surfaces  will  be  more  severely  attacked.  Results  of  these  tests  will  be 
reported  as  soon  as  thay  are  completed. 
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APPENDIX  A 
PLATING  CONDITIONS 


.1  PLAT IMG  CYCLE 

A.  Non  etch  alkaline  dui.  71-82°C  <160-180°F),  10  aio 

B.  War*  Mte'  rinse,  45-50°C  (IL2-121°F) 

C.  Mild  atch,  60-646C  <140-147oF>,  2-4  min 

D.  War*  water  rinse,  45-30°C  (112-121°?) 

E.  Cold  water  rinaa 

F.  Desaut,  room  temperature,  10-60  see 

G.  Double  sold  water  rinse 

H.  Modified  sincate,  room  temperature,  L ad  a 

I.  Cold  water  rinse,  ,1  «i» 

JL  501  HNO3,  30-60  sac 

X.  Cold  water  rinse,  1-2  min 

L.  Modified  aiccate,  10  sec 

M.  Cold  water  rinse,  1-2  tain 

N.  Strike  or  go  directly  to  elactrolasa  nickel 

O.  Cold  water  rinse 

P.  Plat* 

f\  TV—.  . ^ 1 — — A 5 ad  m — *-  u aal  a*  1 aq.  — 

V * WMViN  WAV  imktfu  1 4r»V 

R.  Chromate  treat  cadmium  coatings 

S.  Doable  cold  water  rtnae 

T.  Dry 

II  CYCLE  FOR  ELECTROLESS  u.  .-CADMIUM 

A.  Sate*  as  I - A through  0 

B.  Bake  1 hr  at  143°C  (300°F) 

C.  Dip  In  251  HCl,  5 sac 

D.  Rinse 

E.  Cadmium  plate 

F.  Rinse 

G.  Chromate  treat 
ft.  Rinse 

I.  Dry 

J.  Bake  1 hr  et  149°C  (300°F) 

III  PLATING  SOLUTIONS 

Zlncate  Immersion  Bath  per  ASTM  8253,  Bath  I 
Copper  Strike  per  ASTM  B253 
C*dwi uw  Strike  per  ASTM  B253 
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Bronze  Strike 

Proprietary  - Alstan  80,  30  eec,  108  A/*2  (10  A/ft2),  29°C 
(85°P),  fol lowed  by  Alstan  71,  4 edn,  323  A/*2  (30  A/ft2) , 
29oc  (85°P) 


Cadmium  Plate 

Cadmium  Oxide 
Sodium  Cyanide 
Brightenar 
Room  temperature 
Current  density 


30  g/1  (4  ox/gal) 

120  g/1  (16  os/gal) 
Udylite  S3  as  required 

215  A/m2  (20  A/ft2) 


Electroless  Nickel 

Proprietary  - 10. 5X  phceohorus  82-88°C  (18Q-190°F) 


Non-Etch  Alkaline  Cleaner 

Oaklte  164  45-60  g/1  (6-8  oz/gal) 

71~83°C  (160-180°?) 

Mild  Etch  C leaser 

Oaklte  160  30  g/ l (4  os/gal) 

38-7 l°C  (100-160°?) 

Desmut  (Proprietary  chromate  type) 

Isoprep  188  120  g/l  (It  os/gal) 

Room  temperature 

Chromate  Conversion  Coating 

Irldlte  No.  I 30  sec,  room  temperature 

1 Part  1A 
I Part  iB 
10  Parts  water 
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SO^  - SaLt  Si'KAi 

(SIMULATED  AIRCRAFT  CARRIER  ENVIRONMENT) 
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SO  - SALT  SPRAY 

(SIMULATED  AIRCRAFT  CARRIER  ENVIRONMENT) 


APPARATUS: 

Salt  fog  cabinet  Meeting  requirements  of  A STM  recommended 
Practice  B117-73,  Appendix  1. 

Test  conducted  in  accordance  with  ASTM  B117-73  with  the  following 
except lone: 

Tower  Temperature  45.5°C  ± 1 

Cabinet  Temperature  35°C  + 1 

SO2  gaa  injection  - 1 hr/6hr  cycle  continuously 
SO2  gaa  flow  - 25  cc/mln 


COMP IT IONS  IN  COLLECTION  BOTTLE 
(Tested  Weekly) 

(1)  1 to  2 mls/hr  collection  rate 

(2)  pH  - 1.8  - 2.5 

(3)  Sp-gr  - 1.025  - 1.040 
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